Genomic selection for traits of economic importance is an emerging approach carrying tremendous potentials. Many of polygenic traits as milk fat, protein and yield have been characterize at genomic level and important selection signatures have been identified. Cytochrome P450 enzymes are potential loci for affecting many of dairy capabilities. Present study was conducted for genomic dissection of CYP11b1 gene in riverine buffaloes and seven genetic variations were identified. Out of these, one novel polymorphism (p.A313T) was found well associated with milk fat %age. AB genotyped buffaloes were found to have higher milk fat %age (8.9%) for this loci. p.A313T was further validated at larger data set by restriction digestion using CviAII enzyme. Functional consequences of this locus were also predicted by studying three dimensional structure of CYP11b1 protein. For this purpose, 3D protein model was predicted by homology modeling, secondary structural attributes were determined, signal peptide was predicted and a transmembrane helix was also identified. One of polymorphism (p.Y205L) was found in the vicinity of functionally significant F-G loop region, which is the part of protein gets attached to the inner mitochondrial membrane. But this variation could not be associated and needs further investigation. p.A30V, a popular selection marker in cattle, was found in buffaloes as well but could not be associated and might need further confirmation on larger data set. Results of this study illustrate the impending potential of this gene in determining dairy capabilities of buffaloes and might have a role in selection of superior dairy buffaloes.
Introduction
Among species of livestock, buffalo stands out as an efficient converter of poor quality roughages into highly valuable products as milk and meat. As a major contributed in overall milk (68%) and meat (23%) production of the region, buffalo breeds of Pakistan are admired internationally as well (Afzal, 2010) . Dairy potentials of these animals have not been explored much at genetic level. Majority of studies endorse existing genomic variants identified in cattle, which are not very much helpful in buffalo selection. Although buffalo-cattle genome homology is quite higher (more than 85%) but there have been circumstantial variations at phenotypic level which are needed to be evaluated at molecular level. Fat is the major buffalo milk preferential, which has been noted up to 8% or even in some of individuals has been found more than 12% (Bilal and Sajid 2005) . This variation strengthens the idea of genetic basis of this trait and paves the way towards identification of genetic basis of milk fat content that is ultimate resolution to the improved milk quality.
The Cytochrome P450 enzymes are involved in steroid hormone biosynthesis. These membrane-bound proteins associated with either the mitochondrial membranes (CYP11b1 and CYP11b2) or the endoplasmic reticulum (CYP17, CYP19, and CYP21) (Payne and Hales 2004; Brettes and Mathelin 2008) . Many of previous reports provide information about the association of CYP11b1 gene with milk quality traits especially fat content. Present study was planned to genomically dissect CYP11b1 to identify novel variations in Pakistani buffaloes.
Exonic part of the CYP11b1 gene was sequenced by Sanger's method of DNA sequencing. Seven polymorphisms were identified and were statistically analyzed by calculating Chi 2 to study Hardy Weinberg Equilibrium (HWE) (P b 0.05). Variations obeying HWE were selected for association testing and only one out of seven polymorphisms was associated with milk fat% age. Finally, 3D structure of CYP11b1 was predicted to locate this associated functional variant by bioinformatics Meta Gene 6 (2015) 
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Meta Gene software to evaluate the functional consequences of this novel variation. The results of this research provide baseline information in our hunt for genetic signatures controlling economically important traits to improve the milk quality and productivity of indigenous buffalo breeds.
Materials and methods

Sampling strategy.
Nili-Ravi buffaloes were selected at the first month of second lactation and blood and milk sampling was conducted. Animals were selected on the basis of milk fat %age and two groups were constructed. In group-A, animals (n = 35) with butter aft %age more than 8% were included and in group-B, animals (n = 35) with butter fat less than 8% were added. A total of 70 animals were included in milk and blood sampling. Many of Govt. livestock farms were visited for animal selection and sampling as Buffalo research institute (BRI), Pattoki, Livestock experimental station (LES) Bahadurnagar and Buffalo colony, Karachi. 2.2. Genomic DNA amplification and sequencing.
DNA was extracted by organic method reported by Maryam et al. (2012) . Pooling of individuals of group-A and B was performed separately and these pools were used for amplification of exonic region of CYP11b1 gene by using specific sets of primers designed by using Primer3 (primer3.ut.ee) ( Table 1) . Amplification was performed by using 0.5 μl of each primer, 2.5 μl 109 PCR buffer, 2.5 mM each of dNTP, and 1 U of Taq DNA polymerase. Then, each PCR product was sequenced by Sanger's chain termination method using the ABI3730XL (Applied Biosystems, Foster City, CA). Sequences from both groups were aligned on BLAST resource of NCBI and a total of seven variations were identified ( 
CAPS
p.A313T was selected for illustrating higher values towards fixed genotypic and allelic frequencies (P = 0.17016 N 0.05). This variation was further tested at larger population level (n = 146). For this purpose, Cleaved Amplified Polymorphic Sequences (CAPS) was used to on larger data set. 146 more animals were selected from livestock farms and restriction digestion was performed. CviAII was used to digest the amplified DNA fragment carrying target variation (p.A313T) and results were read on agarose gel electrophoresis (Fig. 2) . After this screening, genotypic frequencies were calculated and association analysis was performed by one way ANOVA and results found are mentioned in Tables 3,  4 and 5.
Homology modeling of CYP11b1 protein
Three dimensional protein model was predicted by using PyMOL (www.pymol.org) and Phyre2 (www.sbg.bio.ic.ac.uk/phyre/html/). CYP11b1 protein is 503 amino acid long and has been well characterized previously (Fan and Papadopoulos 2013 ). The predicted model was further analyzed for location of probable functional domains, signal peptides, secondary structures and transmembrane helix (Figs. 3 to 7) . Table 5 Single marker association by one way ANOVA (P b 0.05). 
Results and discussion
CYP11b1 gene is functional candidate for imparting its role in determining milk quality traits (fat in particular). This is the major enzyme in steroid genesis by converting cholesterol into conrtisol. Many of previous reports have been informative for its significance in bovines (Bu¨low and Bernhardt, 2002; Mellon et al., 1995; Zhang and Miller, 1996; Kirita et al., 1990; Okamoto et al., 1995; Sun et al., 1995; Bu¨low et al., 1996; Boon et al., 1997; Muller, 1998) . In present study, CYP11b1 was sequenced in riverine buffalo breed of Pakistan to find genomic causes of phenotypic variations identified in dairy buffalo population especially for milk content. Seven novel variants were identified by comparing the sequences of buffalo groups with higher and lower fat content (8% threshold value). Only one out of these variations was intronic. Remaining all were exonic and non-synonymous causing amino acid substitutions (Table 2) . These variations were then analyzed statistically for genotypic and allelic frequency and HWE test (Tables 3  and 4 ). HWE testing illustrated that only three SNPs were obeying Hardy Weinberg Equilibrium and were candidate for association analysis. Out of these variations, p.A313T was further screened on larger data set of buffalo population (n = 146) by restriction digestion using CviAII (Fig. 2) and statistically analyzed. Single marker association was performed by one way ANOVA (Mean ± SE). AB genotype of p.A313T was found to be strongly associated with higher milk fat %age (8.9) ( Table 5) . Similar values for frequencies and association were calculated as given in Tables 3, 4 and 5. Finally 3D protein model for CYP11b1 protein was predicted by Phyre2 and PyMol. Only one variation p.Y205L (residue-205) was found in vicinity of functionally important region F-G loop (Figs. 3 and 4) . As this was a hydrophobic amino acid substitution (Table 6 ) so this might have a role in enhanced attachment of CYP11b1 protein to inner mitochondrial membrane to start steroidogenesis. This variation is not found strongly associated on data set so far but need validation on larger buffalo population (Table 5) . Secondary structural attributes of this protein have been mentioned in Fig. 5 . There was one transmembrane helix as well found between residues-236 to 251 (Fig. 6 ). This was also not found to carry identified variations. p. A30V was found in the signal peptide near cleavage site but substitution of alanine to valine was not functionally significant or meaningful (Fig. 7) .
Results of present study are disparate from preceding research conducted on German Holstein cattle by Kaupe et al. (2014) . They identified A30V in signal peptide of CYP11b1 protein. This was found strongly associated with milk fat content. Same variation was also studied by Boleckova et al. (2012) in Czech Fleckvieh cattle population and was found significantly associated with milk yield and fat content. But in our study p.A30V was although found in Hardy Weinberg Equilibrium (P N 0.05) but could not be associated. Validation and confirmation on comparatively larger set of population might be needed to study actual genetic pictorial of this locus in buffaloes. From literature, it was found that CYP11b1 is orthologous of PPKAR1A s (Kirita et al., 1990; Bu¨low and Bernhardt, 2002) . Gene duplication events occurred during vertebrate evolution resulted in only one functional CYP11B1 gene in bovines (Kirita et al., 1990; Okamoto et al., 1995; Bu¨low et al., 1996; Boon et al., 1997; Muller, 1998) . Polymorphism p.Y205L was found in the vicinity of the region involved in steroidogenesis and was a hydrophobic amino acid substitution. As this region called F-G Loop is hydrophobic so this substitution might have a role in better attachment of the protein to inner mitochondrial surface and result in better protein function. Bionaz and Loor (2008) . This is novel locus and has not been reported previously. Nili-Ravi buffaloes have been found heterologous for this particular locus. These results are extenuating the cross breeding of Nili and Ravi buffalo breeds almost a century back. The concentration of valuable alleles resulted in better dairy capabilities of Nili-Ravi buffalo due to phenomenon of heterosis and additive gene action. These loci provide proficient potentials in selection of genetically superior dairy buffaloes by strongly associated selection signatures. Exploration of genetic potential of animals for traits of economic importance will lead towards the identification of better genotypes at population level that can be used in future breeding program for selection of animals with superior genetic makeup. 
